ABSTRACT. Effects of soft X-ray irradiation on the natural killer (NK) cell activity and the percentage of asialo GM1-positive cells of spleen cells in mice were investigated by using a soft X-ray generator intended for non-destructive radiological examination. Soft X-ray irradiation in graded doses of more than 25.8 mC/kg indicated dose dependent reductions in the NK cell activity in the spleen of irradiated mice. Significant reductions in the population of asialo GM1-positive cells in spleen cells were also observed. These results suggest that a soft X-ray generator could also be useful in immuno-irradiation studies. -KEY WORDS: asialo GM1-positive cell, NK cell activity, soft X-ray.
in RPMI 1640 medium with 10% FCS at a concentration of 1× 10 7 cells/ml. The spleen cell suspension was placed in plastic dishes and incubated at 37°C for 1 hr. After 1 hr, nonadherent spleen lymphocytes were collected and suspended in RPMI 1640 medium with 10% FCS at a concentration of 1 × 10 7 cells/ml. The YAC-1 lymphoma derived from A-Sn mice were used as target cells for the assay of the NK cells activity [1] . 5 × 10 6 cells were labeled by addition of 100 µ Ci Na 51 CrO 4 and incubated for 1 hr at 37°C with occasional shaking.
The NK cell activity was measured as described previously [9] . Briefly, nonadherent spleen lymphocytes as effector cells and labeled target cells were added at effector to target (E/T) ratio of 100:1 to plates. The plates were then centrifuged and incubated at 37°C for 6 hr. Then supernatants from triplicate wells were counted in a gamma counter as NK cell activity. Analysis of asialo GM1-positive cells was performed by flow cytometory. Nonadherent spleen lymphocytes were suspended at a concentration of 1 × 10 7 cells/ml in RPMI 1640 with 10% FCS. The monoclonal antibody used anti-asialo GM1 antibody as a marker for the NK cell [4] . The dilution rate of the antibody was 100-fold. The cell suspension was placed in plastic tubes, and anti-asialo GM1 antibody was added. After mixing, the mixture was incubated for 60 min at 4°C. The cells were washed twice in PBS with 1% FCS and 0.1% sodium azide. The second antibody, fluorescein isothiocyanate (FITC)-labeled goat anti-mouse IgG antibody was diluted 20-fold and was added to the mixture and reaction was performed at 4°C for 30 min. After washing, the cell suspension was analyzed by FACS.
Mice were given whole body irradiation of doses from 25.8 to 258 mC/kg of soft X-rays. NK cell activity and the percentage of asialo GM1-positive cells were measured at 1 day after irradiation. NK cell activity was significantly suppressed by irradiating with 25.8 mC/kg of soft X-rays (11.8 ± 1.3%, mean ± S.E., p<0.05), 77.4 mC/kg irradiation (4.4 ± 0.9%, p<0.01), 154.8 mC/kg irradiation (2.2 ± 0.5%, p<0.01), 258 mC/kg irradiation (1.4 ± 0.5%, p<0.01) when compared with the non-irradiated control group (16.3 ± 1.8%). The percentage of asialo GM1-positive cells showed Various immune disfunctions induced by hard X-ray irradiation have been widely reported in numerous clinical and experimental investigations [6, 7] . It has been shown that hard X-ray irradiation has a destructive action on immune system cells and organs, and depresses their functional activity. Recently, in the non-destructive examination of light metals and chemical products, and in the teratology study of experimental animals, soft X-rays have been widely used [5] . We previously reported that soft X-ray irradiation decreased lymphocyte, neutrophil and total leukocyte counts, plaque forming cell counts, delayed type hypersensitivity reaction, mitogenic activity, and inhibited the tumor growth in mice [11] [12] [13] [14] . However, the effects of soft X-ray irradiation, generated from apparatus intended for non-destructive examination, on immunological studies of animals have been less well characterized. In this study, we studied the effect of soft X-ray irradiation on the function of the natural killer (NK) cell which is important to the immune system for host defense as well as immunological functions, and the feasibility of applying soft X-rays to radiation cell immunological studies by using a soft X-ray generator intended for non-destructive radiological examination.
Female C57BL/6 mice at 10 weeks of age were used in this experiment. Five mice were subjected to each expose dose in each experiment. Irradiation with soft X-rays was performed by using an apparatus generating soft X-rays, SOFRON NST-1005C. The irradiation conditions were the same as those in a previous work [11] : 50 cm distance (focus-skin distance), 70 kVp, 5 mA. Exposure doses were 25.8, 77.4, 154.8 and 258 mC/kg, determined on the surface skin of the mouse with Victoreen 666. The dose rate used was 17.2 mC/kg/min for irradiation, and the half-value layer was 0.15 mm Al. In this study, we used the irradiation dose, because the absorbed dose of soft X-ray irradiation could not be determined in the spleen. The spleens of irradiated mice were obtained at 1 day after irradiation. The spleen was cut into small pieces with scissors and then pressed through a 100-mesh stainless steel sieve with RPMI 1640 medium. Erythrocytes were lysed by osmotic shock for 10 seconds. The nucleated spleen cells were suspended a significant reduction with 25.8 mC/kg irradiation (8.5 ± 0.9%, mean ± S.E., p<0.05), 77.4 mC/kg irradiation (4.2 ± 0.7%, p<0.01), 154.8 mC/kg irradiation (2.6 ± 0.3%, p<0.01), 258 mC/kg irradiation (1.5 ± 0.5%) when compared with the non-irradiated control group (11.1 ± 0.9%). The suppression of NK cell activity and the reduction of asialo GM1-positive cells depended on the irradiation doses (Fig.  1) .
Natural killer (NK) cells are large granular lymphocytes capable of destroying target cells without prior sensitization [2] . The major role of NK cell is to provide surveillance against cancer and viral infections, since the NK cell activity is evident against neoplastic and virus infected targets [3] . Asialo GM1-positive cells are known to represent NK cells [4] . There are, however few reports on the effects of soft X-ray irradiation, generated for non-destructive radiological examination, on NK cell activity and the percentage of asialo GM1-positive cells in mice.
In our present study, the NK cell activity decreased 73% and the percentage of NK cells (asialo GM1-positive cells) decreased 74% after irradiation with 77.4 mC/kg of soft Xrays. The reduction in the NK cell activity and asialo GM1-positive cells depended on the irradiation doses. Nesumi et al. [8] reported that the NK cell activity of peripheral blood decreased about 80% after irradiation with 4 Gy of hard X-rays, and a dose dependent decrease in NK cell activity was observed after irradiation with doses ranging from 4 to 30 Gy. It has also been reported that the percentage of NK cells decreased and NK cells were radiosensitive [10] . These results suggested that soft X-ray irradiation might suppress the NK cell activity of mice to almost the same extent as irradiation with a similar dose of hard X-rays. In this study, we have demonstrated that the NK cell activity and the population of asialo GM1-positive cells were affected by soft X-ray irradiation in graded doses of more than 25.8 mC/kg. Our results also show that a soft X-ray generator for non-destructive examination could be applied to radioimmunological studies in stead of hard Xray.
